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ABSTRACT
The most prevalent strain of Mycobacterium tuber-
culosis in Madrid, Spain (strain 5) was recovered
from 45 cases between 1997 and 2004 and showed a
highly homogeneous genetic composition. This
strain was not exclusive to Spain, and its spoligo-
typing signature (ST20) was found in entries from
different countries in the SITVIT1 database.
Patients infected with strain 5 were more fre-
quently positive for human immunodeﬁciency
virus and autochthonous, and had been in prison
more frequently, but strain 5 did not show inc-
reased infectivity in an in-vitro model of infection.
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Molecular tools allow different Mycobacterium
tuberculosis (MTB) strains circulating in a popula-
tion to be distinguished, with ﬁngerprint data
obtained in molecular epidemiology programmes
[1] making it possible to identify prevalent strains
or genetic families that are over-represented in
certain settings [2,3]. In Spain, there has been a
sharp increase in the number of cases of tubercu-
losis among immigrants [4]. It is assumed that
some of these patients import MTB strains from
their countries of origin, and that such strains
could have an impact on the proﬁle of strains
circulating in the host population, considering the
high rate of transmission between the autochtho-
nous and immigrant populations in this area [4].
Molecular ﬁngerprinting tools have been used in
Madrid, Spain since 1997 [5]. The MTB isolates
from nine urban districts (1 459 232 inhabitants) in
Madrid were genotyped. Isolates from all nine
districts were genotyped during 2002–2004, and
isolates from ﬁve districts during 1997–2001.
In total, 1207 MTB isolates were analysed by
IS6110 restriction fragment length polymorphism
[6], yielding 867 different genotypes, with 455
(37.7%) isolates grouped in 115 clusters; 51.3% of
the clusters included two isolates, and only 9.6% of
the clusters included more than six isolates. Nev-
ertheless, some large clusters were detected, with
the four largest clusters corresponding to strains 5
(45 cases), 2, 8 and 38 (20 cases each). Strain 5 was
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isolated from the highest number of cases (3.7% of
the total) and was therefore selected for in-depth
characterisation. This strain showed an eight-band
restriction fragment length polymorphism pattern
(Fig. 1) and was isolated in all but one of the years
of the study. Of 45 cases infected with strain 5, 37
were males, 18 were positive for human immuno-
deﬁciency virus, two were foreign-born, 12 were
diagnosed while in prison, and ten were
intravenous drug users.
Strain 5 was detected previously during 1993–
1994, at which time it was predominant among
three strains responsible for the highest number
of cases in a prison population [7]. In the present
study, strain 5 still persisted after 13 years, while
the two other strains had declined in importance,
suggesting that strain 5 is favoured over other
strains.
Additional spoligotyping [8] and mycobacterial
interspersed repetitive units variable number tan-
dem repeats (MIRU-VNTR) analysis [9] revealed
a highly robust and homogeneous genetic pro-
ﬁle, with all but one of the patients infected
by isolates sharing identical genotypes (ST20:
677777607760771, which is a feature of the LAM-
superfamily), and all isolates sharing identical
MIRU-VNTR types (MIT25: 224226153321; Fig. 1).
In one of the patients, MIRU-VNTR analysis
detected a co-infection with two clonal variants,
differing by one and three repeats in two loci, but
indistinguishable by restriction fragment length
polymorphism or spoligotyping (Fig. 1b). This
genotypic homogeneity also suggests that strain 5
is somehow favoured, which may ensure its
genetic homogeneity, or that this strain was only
introduced to Spain recently and has not yet
diverged genetically. In contrast, isolates of the
three other prevalent strains (strains 2, 8 and 38)
frequently showed differences among their spoli-
gotypes (data not shown).
Features linked to clustering in Madrid are an
age of <35 years and intravenous drug use [4,5,7].
Compared with cases infected by other strains,
Spanish birth, human immunodeﬁciency virus
infection and prison stay were associated signif-
icantly with infection by strain 5 (p <0.05).
Twelve cases infected with strain 5 were from
the same district, but epidemiological links were
found for only three pairs of brothers. Evidence of
strain 5 infecting immigrants was detected, sug-
gesting that immigrants could become infected
after their arrival by strains that are prevalent in
the host country.
In order to establishwhether strain 5was speciﬁc
to Spain, the SITVIT1 database (http://www.
pasteur-guadeloupe.fr/SITVIT) was searched for
strains sharing the same spoligotype (ST20). Unlike
the Madrid 1 and 2 strains [10], the spoligotype
(a)
(b)
Fig. 1. Molecular genotyping patterns of: (a) the four strains of Mycobacterium tuberculosis (MTB) prevalent in Madrid; (b)
the 45 strain 5 isolates of MTB. N, number of cases infected by the strains; spoligotypes and mycobacterial interspersed
repetitive unit variable number tandem repeats (MIRU-VNTR) types are indicated with their international designations
according to the SITVIT1 database (http://www.pasteur-quadeloupe.fr/SITVIT). RFLP, restriction fragment length
polymorphism. aOne case was co-infected by two variants with different MIRU-VNTR types.
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signature of strain 5 was not speciﬁc to Spain, with
378 casesmatching ST20 reported from37 countries
other than Spain. Of these, strain 5 was over-
represented in the database entries from Brazil
(7%), Portugal (12%), Venezuela (6%), Haiti (6%)
and Namibia (15%).
The infectivity of a representative of strain 5
was assayed in comparison with the virulent
reference strain H37Rv, and with a representative
‘orphan’ strain (isolated from only one patient
during the same study period), by measuring its
intracellular growth in an in-vitro infection model
using the human promonocytic cell line THP-1
activated with phorbol 12-myristate 13-acetate
[11,12]. Cell monolayers were infected in dupli-
cate with 0.5–5 bacteria ⁄ cell, prepared from
strains that had been passaged on fewer than
four occasions after primary isolation. After incu-
bation, the monolayers were washed thoroughly
with phosphate-buffered saline to remove extra-
cellular bacteria, and fresh medium was then
added. To evaluate bacterial growth, the super-
natants were aspirated and monolayers were
lysed after 3 h (time 0) and 1, 4 and 7 days after
infection. Serial dilutions of cellular lysates were
plated on Middlebrook 7H11 plates and colonies
were counted (Table 1). The results showed that
the growth ratio for strain 5 was superior to that
obtained for the orphan strain at the three
time-points analysed, indicating a replication
advantage for strain 5. However, compared with
the virulent reference strain, the growth rate for
strain 5 was higher only at the 1-day time-point.
Epidemiological and bacteriological features
leading to a high prevalence of speciﬁc strains
have been observed in other settings. For exam-
ple, in Manitoba, Canada, the prevalent ‘type 1’
strain seems to have epidemiological links with
the native population that could favour its prev-
alence, although bacterial factors also seem to be
involved [13,14]. The present study showed that
strain 5 could have higher infectivity compared
with other less frequent clinical strains, but that it
is not a highly infective clone. More reﬁned
genomic or transcriptomic-based approaches
may identify speciﬁc bacterial features that give
a theoretical advantage to this strain, but the
in-vitro data currently available suggest that
epidemiological factors are mainly responsible
for the prevalence of this strain.
Identiﬁcation of other prevalent strains could
help in monitoring changes in the proﬁle of
circulating MTB strains, and also in monitoring
the epidemiological features associatedwith ongo-
ing transmission. A panel of marker strains would
be extremely useful in countries such as Spain,
where the rise in the number of tuberculosis cases
in immigrants is currently causing a transformation
in the epidemiology of tuberculosis.
ACKNOWLEDGEMENTS
We are indebted to T. Zozio for analysis using the SITVIT
database, and to T. O’Boyle for proofreading and editing the
manuscript. A.M. is the recipient of a grant from the Comun-
idad de Madrid, co-ﬁnanced by the European Social Fund
(Order no. 5297 ⁄ 2006). This study was funded, in part, by
Fondo de Investigaciones Sanitarias (FIS030654; FIS060882)
and by the Instituto de Salud Carlos III (CIBER Enfermedades
Respiratorias CB06 ⁄ 06 ⁄ 0058; Spanish Network for the
Research in Infectious Diseases REIPI RD06 ⁄ 0008).
REFERENCES
1. Aga RS, Fair E, Abernethy NF et al. Microevolution of the
direct repeat locus of Mycobacterium tuberculosis in a strain
prevalent in San Francisco. J Clin Microbiol 2006; 44:
1558–1560.
2. Nguyen D, Proulx JF, Westley J, Thibert L, Dery S, Behr
MA. Tuberculosis in the Inuit community of Quebec,
Canada. Am J Respir Crit Care Med 2003; 168: 1353–
1357.
3. Ijaz K, Yang Z, Templeton G, Stead WW, Bates JH, Cave
MD. Persistence of a strain of Mycobacterium tuberculosis
in a prison system. Int J Tuberc Lung Dis 2004; 8: 994–
1000.
4. ln˜igo J, Garcı´a de Viedma D, Arce A et al. Analysis of
changes in recent tuberculosis transmission patterns after
a sharp increase in immigration. J Clin Microbiol 2007; 45:
63–69.
5. Inigo J, Arce A, Martin-Moreno JM, Herruzo R, Palenque
E, Chaves F. Recent transmission of tuberculosis in
Madrid: application of capture–recapture analysis to
Table 1. Bacterial growth in activated THP-1 cells
Strain
Days
post-infection
Growth
ratioa
Comparative
growth
with H37Rvb
Comparative
growth
with Hb
A
(strain 5)
d1 3.11 1.22 1.80
d4 10.66 0.59 2.42
d7 15.50 0.27 2.28
H
(orphan
strain)
d1 1.73 0.69
d4 4.40 0.26
d7 6.80 0.13
H37Rv d1 2.57 1.49
d4 17.94 4.08
d7 52.58 7.74
aRatio between the number of CFUs obtained in the post-infection analysis (1 day,
4 days or 7 days) and the number of CFUs obtained immediately following
infection (3 h).
bComparative growth was calculated by dividing the growth rates of the A and H
strains by the value of the H37RV reference virulent strain, or by dividing the
growth rates of the A and H37Rv strains by the value for the orphan H strain.
1212 Clinical Microbiology and Infection, Volume 13 Number 12, December 2007
 2007 The Authors
Journal Compilation  2007 European Society of Clinical Microbiology and Infectious Diseases, CMI, 13, 1199–1222
conventional and molecular epidemiology. Int J Epidemiol
2003; 32: 763–769.
6. van Embden JD, Cave MD, Crawford JT et al. Strain
identiﬁcation of Mycobacterium tuberculosis by DNA ﬁn-
gerprinting: recommendations for a standardized method
ology. J Clin Microbiol 1993; 31: 406–409.
7. Fernandez de la Hoz K, Inigo J, Fernandez-Martin JI et al.
The inﬂuence of HIV infection and imprisonment on dis-
semination of Mycobacterium tuberculosis in a large Spanish
city. Int J Tuberc Lung Dis 2001; 5: 696–702.
8. Kamerbeek J, Schouls L, Kolk A et al. Simultaneous
detection and strain differentiation of Mycobacterium
tuberculosis for diagnosis and epidemiology. J Clin Micro-
biol 1997; 35: 907–914.
9. Supply P, Lesjean S, Savine E, Kremer K, van Soolingen D,
Locht C. Automated high-throughput genotyping for
study of global epidemiology of Mycobacterium tuberculosis
based on mycobacterial interspersed repetitive units. J Clin
Microbiol 2001; 39: 3563–3571.
10. Garcia de Viedma D, Bouza E, Rastogi N, Sola C. Analysis
of MTB genotypes in Madrid: description of two new
families speciﬁc to Spain-related settings. J Clin Microbiol
2005; 43: 1797–1806.
11. Theus SA, Cave MD, Eisenach KD. Intracellular macro-
phage growth rates and cytokine proﬁles of Mycobacterium
tuberculosis strains with different transmission dynamics.
J Infect Dis 2005; 191: 453–460.
12. Theus SA, Cave DM, Eisenach K et al. Differences in the
growth of paired Ugandan isolates of Mycobacterium
tuberculosis within human mononuclear phagocytes
correlate with epidemiological evidence of strain
virulence. Infect Immun 2006; 74: 6865–6876.
13. Sharma MK, Al-Azem A, Wolfe J, Hershﬁeld E, Kabani A.
Identiﬁcation of a predominant isolate of Mycobacterium
tuberculosis using molecular and clinical epidemiology
tools and in vitro cytokine responses. BMC Infect Dis 2003;
3: 3.
14. Petrelli D, Kaushal Sharma M, Wolfe J, Al-Azem A,
Hershﬁeld E, Kabani A. Strain-related virulence of
the dominant Mycobacterium tuberculosis strain in the
Canadian province of Manitoba. Tuberculosis 2004; 84:
317–326.
RESEARCH NOTE
Spread of the Streptococcus pneumoniae
Taiwan19F-14 cloneamongchildren inGreece
A. Mavroidi1, I. Paraskakis2, A. Pangalis3,
E. Kirikou3, A. Charisiadou3, T. Athanasiou2,
P. T. Tassios4 and L. S. Tzouvelekis4
1Department of Infectious Disease Epidemiology,
Faculty of Medicine, Imperial College, London,
UK, 2Department of Microbiology, A. &
P. Kyriakou Childrens’ Hospital (Annexe),
3Department of Microbiology, Aghia Soﬁa
Childrens’ Hospital and 4Department of
Microbiology, School of Medicine, University of
Athens, Athens, Greece
ABSTRACT
Serotype 19F pneumococci were a leading cause
of infections among children in Athens, Greece
during 2001–2006. In total, 143 19F isolates were
typed by pulsed-ﬁeld gel electrophoresis (PFGE),
and 38 isolates representing the main PFGE types
were also characterised by multilocus sequence
typing. A diversity of distinct strains belonging to
sequence types 236, 1035, 274, 172 and 319 were
identiﬁed, but multidrug-resistant isolates related
to the Taiwan19F-14 clone (ST236) constituted
76.9% of the isolates. Spread of the Taiwan19F-14
clone explains, in part, the high incidence of
antibiotic resistance observed among pneumococ-
ci reported recently from Athens.
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Treatment of pneumococcal infections can be
complex because of the dissemination of clones
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